There is a natural affinity between evidencebased design (EBD) and the principles of lean design and construction. Events in my life have convinced me that many of the underlying tenets of good design are physiologically based and objective. The same can be said about lean concepts and their ability to make better design possible.
There is a natural affinity between evidence-based design (EBD) and the principles of lean design and construction.
Like a cue ball that collides with an unexpected target, two sharply contrasting incidents spun into my life over 15 years ago. I had just returned to Hong Kong following a friend's recovery from a stroke. Although my friend was grateful to have survived his medical crisis, he had a difficult time overcoming memories of his weeks spent at the hospital. He complained about overstuffed patient rooms and, even worse, hospital corridors filled with patients in cots. Sharp noises and buzzing fluorescent lights left on continuously overnight kept him from sleeping. Amazingly-at least according to him-one nearby patient pulled off his oxygen mask to draw from a cigarette; staff members seemed to be nowhere in sight. His story was especially intriguing to me because I had been trained in and practiced architecture and felt strongly about the potential of the built environment to shape our psyche for better or for worse.
Ironically, only a few months after my friend's experience, I too found myself in a Hong Kong hospital one Saturday afternoon. That morning, I had joined a university field trip to explore one of Hong Kong's more remote reservoirs.
Focusing intensely through a camera lens, I had absentmindedly stepped backward and fell off a reservoir wall. I later learned the vertical distance of the fall was only 6 feet and it was thankfully interrupted by an intermediate ledge, but the impact combined with an awkward landing gave me six broken ribs and a collapsed lung. An ambulance rushed me to Tseung Kwan O Hospitalabout 40 minutes to the closest healthcare facility. I recall mentally preparing myself for a difficult recovery period, even as I was falling. But my hospital story turned out to be nothing like that of my friend's. To be sure, I was in enormous pain and barely able to breathe with my one remaining lung. Gasping for oxygen and wincing from having a tube inserted into my side to drain blood from my collapsed and hemorrhaging lung, I felt frightened and lonely. However, one nurse sensing I could not sleep came to my bedside twice during the night and calmed me with reassurances. During the 3 weeks I spent recovering in the hospital, I was treated to a steady supply of visitors who lent me riveting books and tuneful music; these helped distract me from my pain. Thanks to a television mounted high in the room, I became engrossed in world events portrayed by morning U.S. news broadcasts and evening BBC documentaries. Most of all, I remember waking every morning, grateful for a window that framed a verdant, sun-streaked Hong Kong hillside; the view offered a great source of refreshment and comfort for me.
After a 3-week inpatient stay, I was discharged and thanked the doctors and staff for the graciousness of their care. One remarked, "You recovered more quickly than expected. Thank your husband and friends. We've observed that patients with regular visitors recover faster." This comment was especially striking because it alluded to something medical personnel have noticed for years-that psychological well-being and health are intimately connected. Even while recovering, I had, in fact, been cognizant of the emotional support that came during my husband and friends' visits. I was also aware that books, music, and television documentaries were diverting my attention away from considerable pain; that the nurse who stood beside my bed at night allaying my fears was reducing my stress; and that the view of the sunlit hills brought me a sense of inner serenity and spiritual well-being.
To be sure, some of these effects could have been generated in the older, chaotic hospital that my friend had described. But these events would have had to happen in spite of the built surroundings and not because of them. For example, although friends could still have visited me in a crowded patient room, an overly compressed environment can be discouraging to visitors who fear their voices may disturb other patients or who have difficulty finding a place to sit comfortably. By the same token, nurses stationed far from their charges may be less likely to notice and calm a patient in distress. Similarly, rooms devoid of positive distractions-such as a television set, audio system, or reading material-miss an opportunity to divert a patient's attention away from her boredom and pain. And, a cramped, enclosed space without natural sunlight or view can be profoundly depressing and stress-inducing for a patient. Ironically, at a time when healing of body and mind is so critical to a patient's successful recovery, such types of healthcare facilities are anything but restorative.
The hospital in which my unfortunate friend had recovered had been founded in 1937 and substantially expanded in 1955 and 1983. By contrast, the healthcare facility I occupied had opened just 30 days prior to my arrival that autumn day. During the intervening years that separated the construction of these two facilities, architects had become enlightened about the environmental needs of healthcare patients.
Educated as a biologist at Stanford and later at Brown, I had at first been skeptical that a topic as seemingly taste driven and subjective as aesthetics could be founded on objective biological principles. It was not until a postcollege graduation trip to two very different cities in Poland-Krakow and then Warsaw-that I observed changes in my own state of mind. Heavily destroyed during World War II and later subjected to Soviet occupation, Poland's capital city of Warsaw had been rebuilt in the heavy, drab, functionalistic style ubiquitous to Communist and Socialist countries of that era. By contrast, Krakow's medieval town center had been spared similar bombardment during the war, and despite years of acid rain from Poland's coal-driven economy, the city's cloth hall, cobblestone square, surrounding town homes, and double-spire church still stood resplendent.
An express train running between Krakow and Warsaw juxtaposed the two urban environments sharply in my mind that summer, dramatically altering my sense of well-being. What types of physiological changes were taking place within me to make me respond so strongly? Surely I was not the only one who experienced the difference? Was this what drove individuals to erect great works of architecture? I began to wonder how we, as a species, had been evolutionally selected to respond differently to varied environmental contexts. (Rybkowski, 2009, p. xiii) So begins the preface of my 2009 doctoral dissertation. I include these musings as examples of the type of intuitive understanding of psychological healthy and unhealthy environments so many of us develop as we live our lives.
Here's another example written by someone long before me and who far outranks me in the department of professional renown. In her book, Notes on Nursing: What It Is and What It Is Not, one of history's most celebrated nurses, Florence Nightingale, portrays her encounter with patients inhabiting a multipatient room that was commonplace in 19th-century hospitals. She describes walking into the room and hearing a chorus of complaints from patients that their sides hurt. Nightingale observed them lying on the same side for hours and, sensibly, decided to turn each one over to relieve his pain. Returning to the room several hours later, she was astonished to find each patient had flipped himself back to his original position. This is what she writes, It is a curious thing to observe how almost all patients lie with their faces turned to the light, exactly as plants always make their way towards the light; a patient will even complain that it gives him pain lying on that side. 'Then why do you lie on that side?' [I ask]. He does not know-but we do. It is because it is the side towards the window. (1860, p. 87) Regular readers of Health Environments Research & Design Journal (HERD) hardly need to be convinced about the connection between healing environments and therapeutic outcomes. One significant outcome of Ulrich's (1984) landmark study was, of course, that it began to quantify what that impact really meant: Patients with windows facing trees recovered three quarters of a day more quickly than those facing a brick wall and used less moderate to strong analgesics. Ulrich's comparison included patients recovering from the same procedure; he managed to locate a hospital where experimental and control patients were subjected to the same gallbladder surgery over the course of 9 years. Ulrich corrected for confounding variables, pairing experimental and control patients by gender, age, weight, smoker status, and so on. The Ulrich study's publication in the exclusive journal Science suggested his methods were sufficiently rigorous to convince even the most skeptical members of our scientific establishments. Moreover, his findings implied that impacts from EBD interventions can be predictably quantified. When an outcome is reliably predictable, and when that prediction is quantifiable, there are business implications. Consider this: If each patient undergoing gallbladder surgery recovers three quarters of a day more quickly when facing trees versus a brick wall, a facility owner can either increase annual patient throughput with the same-sized facility or treat the same number of patients in a facility with fewer rooms-therefore demanding a lower capital cost. The business case for better quality built environments was born.
When an outcome is reliably predictable, and when that prediction is quantifiable, there are business implications. Financial estimates are undergirded by information from the Center for Health Design's "Pebble Projects"-healthcare facilities that track specified metrics before and after adoption of EBD interventions. To be fair, they are not randomized controlled trials (RCTs represent the gold standard of rigorous medical research; with EBD research RCTs are difficult as there are often confounding variables). However, the studies still offer a type of collective evidence that is beyond anecdotal at this point (Ulrich et al., 2008) . As the saying goes: Where there's smoke, there's probably fire.
To many healthcare facility owner wanting to attract and retain the best staff and patients, EBD interventions make intuitive sense. Which family members would not find it easier to spend a night beside their recovering loved one if there is a reasonably comfortable pullout sofa in the room? Or accommodations to remain beside her while working on a laptop with Internet access? Which patient does not prefer the option of sunlight and views of nature? Or the opportunity to switch on soothing music during times of extreme pain?
For a facility owner, the question of EBD is often less about "is it real?" than about "can our budget afford it?" After all, every pane of glass costs more than a brick wall, not only in terms of first cost but also in terms of necessary cleaning and maintenance. Single-patient rooms almost certainly help reduce the spread of hospital acquired infections, but they may also undermine attempts to develop economies of scale available to group rooms with shared services. Anyone who has become discouraged by the cost of college tuition knows that internal rate of return from the personal investment is only part of the story. The challenge is the need to have access to sufficient capital to make the initial investment. So it is with healthcare facility owners. Compounding the situation is the perceived need for some healthcare CEOs to demand that a payback period fall within their own tenure as CEO (who doesn't want to receive credit for a wise investment decision?) The specter of increased first cost can make an owner nervous even if a long-term return on that investment is fairly certain. This is why lean has captured the attention of healthcare facility stakeholders.
The mission of lean-to reduce waste and add value-has found its most recent manifestation in lean-integrated project delivery (lean-IPD) and target value design (TVD). Lean-IPD and TVD engage key stakeholders including owners, architects, engineers, and constructors (OAECs) to collaboratively deliver a project at a cost the owner can afford. Unlike value engineering practices which too often cut costs toward the end of a design process, thus impoverishing the final design outcome, TVD engages key stakeholders to continuously investigate benefits and costs of key decisions throughout the design process (Hill, Copeland, & Pikel, 2016; Macomber, Howell, & Barberio, 2008; Matthews & Howell, 2005) . Given the business case for this particular facility, what are the actual needs? What can be considered wants? Collaborative decision-making tools such as Suhr's (1999) Choosing by Advantages help the OAEC team more effectively align what they recommend with what is most important to an owner's business case. Lean-IPD helps incentivize early involvement of key stakeholders and rewards collaborative behavior-a practice that is frustratingly foreign on many projects delivered using traditional design-bid-build contracts.
Like EBD, lean-IPD practices such as TVD may seem intuitively obvious, even common sense. Yet the formalization of lean-IPD processes helps make common sense more common.
Lean processes are an amalgamation of observations by celebrated pioneers: Fredrick Taylor, Frank and Lillian Gilbreth, W. Edwards Deming, Taiichi Ohno, Eliyahu Godratt, James Womack, Daniel Jones, Daniel Roos, Jeffrey Liker, and more recently individuals such as Greg Howell, Glenn Ballard, Iris Tommelein, and Will Lichtig. Lean's historical and firmly rooted principles are not new, but many of the tools developed from the principles are, and they are gaining widespread acceptance. Lean-IPD processes such as TVD engage tools such as 5S, A3s, Choosing by Advantages, and the Ishikawa Fishbone diagram to save on the capital cost of projects (Seed, 2015) . Texas A&M University researcher Jose Fernández-Solís speaks of the waste embedded in every building. "Look around you," he invites, "waste is everywhere" (personal communication, October 19, 2009) . To this, audience members crane their necks in search of trapped plastic bags and crushed aluminum cans before they realize that the waste resides in the opportunities lost during the inefficiencies of traditional design-bid-build project delivery, where time and money are spent on unnecessary requests for information, change orders, and rework, resulting from a "throw it over the wall" mentality. Lean-IPD pioneers recognized that adversarial relationships engendered during traditional delivery both added cost and impoverished the quality of the constructed facilities. Attorneys fed up with this waste, such as Will Lichtig, revisited the very foundation of legal contracts in order to reward collaboration and systems thinking rather than suboptimization so prevalent in traditional delivery situations. Lichtig's (2004) contract, called the Integrated Form of Agreement, revolutionized project delivery and paved the way for the development of other forms of IPD contracts. What does lean-IPD do? Because it excises waste from the delivery process, it minimizes payback period, making potential premiums associated with EBD interventions possible (Ballard & Rybkowski, 2007 , 2009 . Lean management philosophy gained a foothold in the building industry with the development of tools such as Glenn Ballard and Greg Howell's Last Planner System of Production Control™ (Ballard, 2000) and Tommelein, Riley, and Howel (1999) computerized simulations that help quantify the impact of lean interventions. Healthcare facility owners such as Sutter Health, architects such as HKS, Inc., and constructors such as Boldt Construction have engaged with university researchers in action research to develop and explore cost-saving and value-adding practices such as those found in TVD (Tommelein & Ballard, 2016; Vinas, 2014) . To healthcare facility owners fretting about first capital cost, action research on actual projects is finding that lean-IPD can reduce first cost compared to comparable design-bid-build delivered facilities by 15-20%. For the EBD adherent, every dollar saved by using lean-IPD practices represents an opportunity to devote that rescued dollar to enhanced design which, in turn, has the ability to offer long-term returns.
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For the EBD adherent, every dollar saved by using lean-IPD practices represents an opportunity to devote that rescued dollar to enhanced design which, in turn, has the ability to offer long-term returns.
This issue of HERD offers a collection of articles specifically devoted to lean practices as they are currently being applied to delivery of healthcare facilities. An introductory piece by Alves et al. helps familiarize readers with lean tools. Lean researchers pride themselves as facilitators between academia and practice to engage in action research on real projects. Much lean research is done by embedding graduate student researchers in actual projects and recording what takes place so that practice can be intermittently standardized and continuously improved. Lean research is interdisciplinary by nature. Note the coauthors of articles in this issue come from a number of fields, including architecture, industrial and systems engineering, construction management, medicine, and law. Two mantras of lean-IPD researchers are "those who fail to plan, plan to fail" and "with every pair of hands comes a free brain." At its best, lean-IPD is a type of intensive, inclusive, crowdsourced, upfront planning, where key stakeholders-and all the experience that comes with each and every one of them-become an extended part of the design team. Thanks to lean, as waste is identified and expelled, value-adding opportunities, such as EBD interventions, become increasingly affordable.
My favorite definition of lean may be summarized from a collection of definitional sketches by students and practitioners of lean drawn on the back of cocktail napkins. At its core, lean aims to reduce waste and add value, using continuous improvement, in a culture of respect (Rybkowski, Abdelhamid, & Forbes, 2013) . EBD and lean can be intimately integrated thanks to their insistence on cultures of respect-respect for OAEC stakeholders as well as respect for patients and caregivers. It's a natural fit.
At its core, lean aims to reduce waste and add value, using continuous improvement, in a culture of respect.
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